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571 ABSTRACT

An apparatus for treatment of rubber and plastic wastes,
comprising in series an extruder for heating and melting
rubber and plastic wastes to extrude the molten wastes,
a decomposing section for heating the molten wastes to
prepare decomposed products while optionally separat-
ing residues therefrom, a dry-distilling section for gas-
ifying the decomposed products by dry-distillation, and
a cooling section for cooling the dry-distilled products
to separate gaseous materials from liquid materials.

4 Claims, 6 Drawing Figures
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APPARATUS FOR TREATMENT OF RUBBER AND
PLASTIC WASTES

This is a division of application Ser. No. 512,799, filed
Oct. 4, 1974 now U.S. Pat. No. 3,984,288.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a method for treatment of
rubber and plastic wastes and apparatus therefor, and in
particular, to a method for liquefying the wastes by
pyrolysis and apparatus therefor.

2. Description of the Prior Art

Two conventional liquefying processes are known
for treatment of rubber and plastic wastes. One process
comprises heating and melting the rubber and plastics,
feeding the molten substances to a pyrolysis reaction
furnace and decomposing and dry-distilling the molten
substances at the same time in the reaction furnace to
liquefy the decomposed products. The other process
comprises feeding the plastics directly to a pyrolysis
reaction furnace and heating and melting the plastics
therein using a heat transfer duct or the like with a
simultaneous decomposition and dry-distillation thereof
employing the molten substances as a heat transfer me-
dium thereby to liquefy the decomposed products. In
these conventional processes, the temperature in the
heating means is almost uniform as a whole including
the decomposing means and the dry-distilling means.
This is, however, somewhat defective for the following
reasons. If the temperature is to be elevated in order to
accelerate the decomposition speed, the temperature
must be elevated in all of the pyrolyzing means. How-
ever, rubber and plastics themselves have poor thermal
conductivity, and therefore it is difficult to elevate the
temperature in the pyrolyzing means easily. Accord-
ingly, a specific heater which can elevate the tempera-
ture in the pyrolysis means much higher than is required
or a lot of heaters must be used therefor. Various trials
have heretofore been effected in an effort to accelerate
the decomposition speed and to improve the decompo-
sition efficiency, but no effective means have as yet
been found. Accordingly, generally in the conventional
processes, the pyrolysis is carried out for a long period
of time at a temperature of 400° to 500° C. In order to
treat a large amount of wastes, pyrolysis of the wastes
for a long period of time in an apparatus provided with
a large-sized decomposing trough has been suggested.

Moreover, conventional processes are further defec-
tive in that the pyrolyzed products are not uniform, and
oils having quite different properties are recovered and
obtained. The properties of the recovered oils vary
widely in the treatment of any rubber and plastic mate-
rials, and the recovered oils comprise various kinds of
components of an extensively broad range of from a
light fraction having a fairly low flash point to waxes
having a high pour point.

SUMMARY OF THE INVENTION

An object of this invention is to obtain recovered oils
having uniform properties in the treatment of rubber
and plastic wastes.

Accordingly, this invention provides a method for
continuousty pyrolyzing and liquefying rubber and
plastic wastes and an apparatus therefor where the de-
composition speed and the decomposition efficiency are
accelerated and improved using three separate means of
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a heating and melting means, a decomposing means and
a dry-distilling means. In the method and apparatus of
this invention, an extruder is used as the heating and
melting means, the decomposing means includes a heat-
ing and melting means and a decomposing duct in
which the temperature is higher than that in the dry-dis-
tilling means, and the dry-distilling means includes a
dry-distilling trough, and the melting means, decompos-
ing means and dry-distilling means are disposed in series
for continuous operation and are so constructed that the
temperature of the respective means can be controlled
individually.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

FIGS. 1 to 6 are schematic views of the embodiments
of the apparatus according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

This invention is explained in detail hereinafter with
reference to drawings attached hereto.

In FIG. 1, element 1 is an extruder where rubber and
plastic wastes are kneaded and melted to continuously
extrude the molten substances into a heating and de-
composing duct 2. In the duct 2, the heating tempera-
ture is controlled by heat control unit 22 actuating heat-
ing element 20 at a temperature higher than the temper-
ature in the extruder 1 and dry-distilling trough 3. The
trough 3 is connected with the duct 2, and the decom-
posed products are fed into the trough 3 through the
duct 2, and then the decomposed products are succes-
sively gasified by dry-distillation in the trough 3. Ele-
ment 4 is a heater for heating the decomposing duct
controlled by heat controller 24. As shown 5 is a heater
for heating the dry-distilling trough controlled by heat
control unit 26. Various means can be utilized for heat-
ing the extruder, decomposing duct and dry-distilling
trough, such as a band-heater, a cast heater, a high
frequency induction heating means, an oil heating
means, a steam heating means, a hot-air heating means
and a gas heating means. The means for heating the
extruder, decomposing duct and dry-distilling trough
are appropriately selected, depending upon the kinds of
rubber and plastic wastes to be treated or the tempera-
ture in these means to be heated. A band-heater, cast
heater, gas heating means and hot-air heating means are
preferred for heating the decomposing duct, and an oil
heating means, steam heating means and hot-air heating
means are preferred for heating the dry-distilling
trough.

These means are so constructed that the temperature
of each means can be controlled individually. The indi-
vidual controlling means are different in accordance
with the heating means employed. Outlets 6 for remov-
ing the decomposed residues and 7 for expelling gaseous
products after dry-distillation are shown in the Figures.

The dry-distilled gaseous products removed from the
dry-distilling trough 3 are cooled to ambient tempera-
ture, by passage through a conventional cooling trough
8 or a condenser, whereby liquid products and products
gaseous at ambient temperature are separated from each
other, and then the liquid products are retained in an oil
tank 9. The gaseous products are introduced into a gas
holder, passing through an outlet 10 for removing the
gaseous products.

If the gaseous products contain hydrogen chloride
gas from the decomposition of, e.g., vinyl chloride, etc.,
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the gaseous products preferably are introduced into a
known absorbing tower to absorb the hydrogen chlo-
ride therein. Afterwards, the small amount of residual
hydrochloric acid formed in the absorption is neutral-
ized with an alkali in an neutralizing tower or the like,
and then only a pure hydrocarbon gas is placed in the
gas holder. The gaseous products can be used as a heat
source for the decomposition, and these are released
into the air after perfect combustion. In addition, when
liquid products having more uniform properties are to
be obtained, the gaseous products are introduced to a
fractionating tower or the like from the outlet 7 to frac-
tionate them into uniform components.

The extruder 1 used in this invention can be any
conventional extruder for rubber and plastics. For ex-
ample, a single spindle screw-type extruder, a double
spindle screw-type extruder, a single spindle two-stage
screw-type extruder, and a double spindle two-stage
screw-type extruder can be employed.

The rubber and plastic waste raw materials are fed
into the extruder 1, and the waste materials can be pre-
worked prior to the feeding thereof into the extruder 1,
to pulverize the materials to almost the same sizes
(about 5 to 10 mm). Some waste materials are pre-
heated and then fed into the extruder in a semi-molten
state. Other waste materials are fed into the extruder in
a block or sheet form.

The temperature in the extruder is varied depending
upon the raw materials fed into the extruder, but it is
necessary to elevate the temperature in the extruder so
that the materials can fully be kneaded and melted and
to keep the temperature so that the molten materials
remain melted.

—

0
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The temperature in the heating and decomposing

duct 2 is controlled by heat control unit 22 to a tempera-
ture higher than the temperature in both of the extruder
and the dry-distilling trough, and the temperature is
varied depending upon the raw materials sent from the
extruder. If the temperature in the heating and decom-
posing duct is lower than the temperature in the ex-
truder and the dry-distilling trough, it is impossible to
obtain liquid products having uniform properties, as
shown in the following Comparative Examples. In addi-
tion, the temperature in the heating and decomposing
duct also is varied by heat control unit 24 actnating on
heating means 4 depending upon the amount of materi-
als sent from the extruder. In any event, it is necessary
to elevate the temperature in the heating and decompos-

ing duct so that the moiten resins can be decomposed at

a sufficient rate and to maintain the temperature as such
for a sufficient period of time until the decomposition of
the molten resins is completed.

The temperature in the dry-distilling trough is ele-
vated so that the decomposed products can be dry-dis-
tilled and gasified completely.

The continuous heating and decomposing treatment
preferably is carried out at temperatures each falling
within the following ranges:

Temperature in the extruder: lower than about 100° to

400° C.
Temperature in the decomposing
duct: about 400° C. or
more to 1000° C.

Temperature in the dry-distilling
trough: lower than
about 100° to 400° C.
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According to the present invention, it is possible to
liquefy various kinds of rubber and plastic composition
wastes, for example, as follows:

Polyolefin resin compositions and crosslinked prod-
ucts thereof, such as low density polyethylene, high
density polyethylene, polypropylene, ethylene-vinyl
acetate copolymers, ethylene-ethyl acrylate copoly-
mers, polybutene and ethylenebutene copolymers; poly-
styrene resin compositions such as polystyrene, styrene-
acrylonitrile copolymers and acrylonitrile-butadiene-
styrene copolymers (ABS resin); vinyl and vinylidene
resin compositions such as polyvinyl chloride, polyvi-
nyl alcohol, polyvinyl acetate, vinyl chloride-vinyl
acetate copolymers, and polyethylene-vinyl acetate
copolymers; polyacrylic resin compositions such as
polymethylacrylate and polymethylmethacrylate poly-
amide resin compositions such as nylon 6, nylon 66 and
nylon 610 copolymers, rubber compositions such as
natural rubber, butadiene rubber, butyl rubber, isoprene
rubber, styrene-butadiene rubber and ethylene-propy-
lene rubber.

In order to effectively carry out the method of this
invention to improve the decomposition efficiency and
to increase the amount of middle component obtainable
from decomposed products, it is advantageous to feed
an active gas into the above decomposing means, which
is another embodiment of this invention.

With reference to FIG. 2, the heating and decompos-
ing duct 4 includes an inlet 11 for feeding an active gas,
and an active gas capable of easily reacting with the
olefins of the rubber and plastic decomposed products,
such as oxygen, hydrogen, ozone or air, is fed from the
inlet 11. The amount of the active gas fed is varied
depending upon the kinds of rubber and plastic compo-
sitions decomposed and the amount of compositions
sent from the extruder to the heating and decomposing
duct.

By carrying out the heating and decomposition of
waste materials while feeding an active gas into the
decomposing means, it is possible to obtain recovered
oils with more uniform properties and to reduce the
content of the olefins in the fractions obtained thereby
to deodorize the fractions.

Some deposits often remain in the heating and de-
composing duct 2 and the dry-distilling trough 3 as the
treatment of wastes according to the method of this
invention progresses, and it is advantageous to remove
these deposits to improve the decomposition efficiency.
This invention also includes still another embodiment
where the deposits or residues are removed from the
heating and decomposing duct 2.

When polyethylene wastes are treated according to
the present invention, some wastes include about 3% or
so of carbon, and the carbon is in general deposited in
the dry-distilling trough.

When the wastes treated are crosslinked polyethyl-
ene, polystyrene and ethylene-vinyl acetate copoly-
mers, a metal oxide such as aluminum oxide or silicon
oxide is admixed the wastes in an appropriate propor-
tion of about 1 to 200 parts per 100 parts by weight of
the wastes for the purpose of accelerating the decompo-
sition of the wastes and deodorization, and in this case,
a large amount of residues mainly of the metal oxide
used is deposited in the dry-distilling trough. When the
residues of carbon or metal oxides deposited in the
dry-distilling trough are removed therefrom, decom-
posed products are also removed together with the
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residues, causing a deterioration of the decomposition
efficiency. :

This invention is free from this defect, and the de-
composition rate and the decomposition efficiency can
be accelerated and improved, and recovered oils with
uniform properties can be obtained.

More precisely, this invention further provides an
improved method for treatment of rubber and plastic
wastes and an apparatus therefor, comprising

(1) heating and melting rubber and plastic wastes at a
temperature (T) to extrude the molten wastes with an
extruder to a decomposing means,

(2) heating the molten wastes in the decomposing
means at a higher temperature (T7) than the heating
temperature (T1) in the extruder to separate decom-
posed products and residues from each other,

(3) introducing the decomposed products into a dry-
distilling means while heating the residues in a residue
removal means at an even higher temperature (T3) than
the heating temperature (T2) in the decomposing means
to remove the residues from the residue removal means,

(4) heating the decomposed product in the dry-distili-
ing means at a lower temperature (T4) than the heating
temperature (T2) in the decomposing means to gasify
the products by dry-distillation, and

(5) cooling the dry-distilled products in a cooling
means to separate the liquid materials from the gaseous
products.

This embodiment of the present invention will be
explained in detail with reference to drawings attached
hereto.

In FIG. 3 element, 1 is an extruder where rubber and
plastic wastes are kneaded and melted and the molten
wastes are continuously successively extruded into a
heating and decomposing duct 2. The heating tempera-
ture (T2) in the duct 2 is controlled to a temperature
higher than the heating temperature (Ty) in the extruder
and the heating temperature (T4) in the dry-distilling
trough 3.

The dry-distilling trough 3 is connected with the duct
2, duct 13 is an outlet for removing residues, and this
outlet is branched in the vicinity of the outlet of the
duct 2 and is connected with an extruder 12. In the
following Examples, this outlet 13 is provided facing
downward. For example, when the residues are metal
oxides which are intermixed in a large amount, these are
introduced into the extruder 12 by a weir 16 and fall due
to gravity, and the decomposed products which were
substantially separated in the heating and decomposing
duct 2 are mostly gasified and introduced into the dry-
distilling trough 3. Since the heating temperature (T3) in
the residue removal means 13 and the extruder 12 is
controlled to a temperature higher than the heating
temperature (T?) in the heating and decomposing duct
2, decomposed products contained in the residue which
are still not separated are gasified in the extruder 12 and
introduced into the dry-distilling trough 3 via a duct 14
provided with a band-heater 15. Thus, only residues
which are substantially free from decomposed products
are continuously exhausted to the outside by the ex-
truder 12. In the following Examples, the residues are
transferred to the driving side from the top end of the
extruder 12. The extruder can be a simple extruder.
Some wastes contain a small amount of residues, and
when the amount of residues is small, a pole bulb or a
gate bulb can be used in place of the extruder 12 to
intermittently exhaust the residue.
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The temperature in the extruder is varied depending
upon the raw materials fed thereinto, but it is necessary
to elevate the temperature therein so that the materials
can fully be kneaded and melted and to maintain the
temperature so that the molten materials remain melted.

The temperature in the heating and decomposing
duct 2 is controlled to a temperature higher than the
temperature in both the extruder and the dry-distilling
trough, and this is varied depending upon the raw mate-
rials sent from the extruder. If the temperature in the
heating and decomposing duct is lower than the temper-
ature in the extruder and the dry-distilling trough, it is
impossible to obtain liquid products having uniform
properties. In addition, the temperature in the heating
and decomposing duct also is varied depending upon
the amount of materials sent from the extruder. In any
event, it is necessary to elevate the temperature in the
heating and decomposing duct so that the molten resins
can be decomposed at a sufficient rate and to keep the
temperature as such for a sufficient period of time until
the decomposition of the molten resins is completed.
The heating temperature (T3) in the residue removal
outlet 13 and the extruder 12 is controlled to a tempera-
ture higher than the heating temperature (T>) in the
heating and decomposing duct 2 whereby the decom-
posed products contained in residues still not yet sepa-
rated therefrom are sent to the dry-distilling trough 3.
Thus, the efficiency for separation is improved further.

The temperature in the dry-distilling trough is ele-
vated so that the decomposed products can be com-
pletely dry-distilled and gasified.

It is preferred to carry out the continuous heating and
decomposing treatment at temperatures each falling
within the following ranges:

lower than about 100°
to 400° C.

Temperature (T) in extruder 1 =

Temperature (T3) in decomposing
duct 2 = about 400° C.

or more to 1000° C.
Temperature (T3) in residue removal
outlet 13 and extruder 12 = about 450° C. or more
to 1000° C.
Temperature (T4) in dry-distilling
trough 3 = lower than 100°

to 400° C.

Still another embodiment of this invention is shown
in FIGS. 4, 5 and 6, where a plurality of combined
means, each comprising an extruder 1 and a heating and
decomposing duct 2 which are directly connected in
series with each other, are connected with one dry-dis-
tilling trough 3.

Various kinds of rubber and plastic wastes each hav-
ing a different melting temperature and a different heat-
ing decomposing temperature exist. Therefore, when a
mixture of a number of different kinds of rubber and
plastic wastes are heated and decomposed at the same
time, it is impossible to obtain liquid products having
uniform properties. This invention has solved this prob-
lem. More precisely, according to the last-described
embodiment of this invention, a number of different
kinds of rubber and plastic wastes are separated individ-
ually, and the respective rubber and plastic wastes
which have different melting temperatures and decom-
posing temperatures are separately treated in the re-
spective combined means where the melting tempera-
ture and the decomposing temperature are appropri-
ately controlled in accordance with the properties of
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the respective rubber and plastic wastes, to form a num-
ber of different decomposed products, all of which
products are thereafter introduced into one dry-distill-
ing trough where all of the decomposed products are
dry-distilled at the same time. Thus, liquid materials
having uniform properties can be effectively and effi-
ciently obtained.

Furthermore, it is effective to add at least one organic
perioxide to the rubber and plastic wastes to be treated,
which is still another embodiment of this invention. By
the addition of the organic peroxides, it is possible to
accelerate the decomposition rate and to improve the
decomposition efficiency and the properties of the re-
covered oils are more uniform.

Organic peroxides which can be used in this inven-
tion include organic hydroperoxides, perester com-
pounds and dialkyl peroxides. Examples of suitable
organic peroxides are as follows: hydroperoxides such
as t-butylhydroperoxide, cumenehydroperoxide, p-
menthanehydroperoxide and p-cymenehydroperoxide;
peresters such as t-butylperoxybenzoate, di-(t-butyl-
peroxy)adipate and t-butylperoxybutyrate; dialkyl per-
oxides such as di-a-cumylperoxide, di-t-butylperoxide
and 2,5-dimethyl-2',5'-di-(t-butylperoxy)hexane and
2,5-dimethyl-2',5'-di-(t-butylperoxy)hexene-3.

A mixture of rubber or plastic wastes to be treated
and at least one organic peroxide as described above is
fed into an extruder and heated and melted herein.
Thereafter the mixture is extruded to a decomposing
means where the molten mixture is heated at a higher
temperature (T2) than the heating temperature {T1) in
the extruder to prepare decomposed products. After-
wards, the decomposed products are heated in a dry-
distilling means at a lower temperature (T4) than the
heating temperature (T3) in the decomposing means to
gasify the decomposed products by dry-distillation. As
compared with other methods where an organic perox-
ide is not added to wastes to be treated, the last-
described process using the organic peroxide is more
advantageous in that the decomposition rate is acceler-
ated, the decomposition efficiency is improved and the
properties of recovered oils are extremely improved.

If the amount of the residues deposited in the decom-
position is large, depending upon the kind of wastes and
the kind of additives, a residue-separating step is prefer-
ably added to the above described steps. As described
hereinbefore, when polyethylene wastes are treated
according to the present invention, some wastes include
about 3% or so of carbon, and the carbon is in general
deposited in the dry-distilling trough. When the wastes
to be treated are crosslinked polyethylene, polystyrene,
and ethylene-vinyl acetate copolymer, a metal oxide
such as aluminum oxide or silicon oxide is admixed
therewith in an appropriate proportion of about 1 to 200
parts per 100 parts by weight of the wastes as hereinbe-
fore described for the purpose of accelerating the de-
composition of wastes and deodorization, and in this
case, a large amount of residues mainly consisting of the
metal oxide used are deposited in the dry-distilling
trough. When the residues of carbon or metal oxides
deposited in the dry-distilling trough are removed
therefrom, decomposed products are also removed to-
gether with the residues, causing a deterioration of the
decomposition efficiency. In order to avoid this defect,
a method including this residue-separating step is pre-
ferred, where heated and molten wastes are heated in a
decomposing means at a decomposing temperature (T3)
to separate the decomposed products from the residues,
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the residues are heated in a residue removal means at
even higher temperature (T3) than the heating tempera-
ture (T3) in the decomposing means to remove the resi-
dues from the removal means while the decomposed
products are introduced into a dry-distilling means, and
the decomposed products are heated in the dry-distill-
ing means at a lower temperature (T4) than the heating
temperature (T2) in the decomposing means to gasify
them by dry-distillation, and thereafter the thus dry-dis-
tilled products are cooled in a cooling means to separate
liquid materials from gaseous products.

In the method of this invention, the proportion of the
organic peroxide to plastic wastes is in general prefera-
bly about 0.1 to 20 parts by weight of the organic perox-
ide to 100 parts by weight of the plastic wastes.

For example, the following combinations are illustra-
tive:

About 1 to 3 parts by weight of di-a-cumylperoxide
to 100 parts by weight of low density polyethylene

About 0.5 to | part by weight of t-butylhydroperox-
ide to 100 parts by weight of high density polyethylene

About 0.1 to 0.5 part by weight of t-butylperoxyben-
zoate to 100 parts by weight of ethylene-vinyl acetate
copolymer ‘

About 10 to 20 parts by weight of di-t-butylperoxide
to 100 parts by weight of ethylene-propylene rubber

The proportion of organic peroxide to the rubber and
plastic wastes is varied depending upon the kind of
rubber and plastic compositions.

It is also effective in the method of this invention to
add at least one white inorganic filler to wastes treated
to increase the decomposition rate and the decomposi-
tion efficiency and to improve the uniformity of the
properties of the recovered oils, which is still a further
embodiment of this invention.

Examples of white inorganic fillers which can be used
in this invention are talc (magnesium silicate, MgO.-
5i103), clay (aluminum silicate, Al;03.28i03), dolomite
(magnesium calcium carbonate), diatomaceous earth
(silicic acid hydrate, SiO7) and alumina (A1,O3).

When plastic wastes containing various kinds of halo-
gen compounds such as polyviny! chloride and chlori-
nated polyethylene are treated, or when fire retardant
polyethylene resins containing halogen-containing
compounds are to be treated, basic metal salts and metal
hydroxides are preferred as the white inorganic filler. In
conventional methods for treatment of plastic wastes
containing halogens, the halogen components contained
in the decomposed gaseous products are introduced
into a tower to recover the halogen components as
hydrochloric acid, etc., or introduced into a neutraliz-
ing tower to neutralize them with an alkali in order to
prevent environmental pollution. However, these con-
ventional methods are defective in that the apparatus
must be large-scaled, expenses for initial equipment are
high, and the treatment of recovered products such as
hydrochloric acid is not easy.

However, when basic metal salts or metal hydroxides
are used as a white inorganic filler in the method of this
invention, the hydrogen halides such as HCl generated
are solidified as metal halides such as calcium chloride
or magnesium chloride. Accordingly, the above de-
scribed complicated steps in the conventional methods
can be markedly reduced or omitted. Examples of basic
metal salts and metal hydroxides which can be used in
this invention are calcium carbonate, calcium hydrox-
ide, calcium sulfate, magnesium carbonate, magnesium
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bonate and aluminum hydroxide.

* Plastic wastes containing the above described white
inorganic filler(s) are fed in an extruder and heated and
melted therein, and then the molten wastes are extruded
into a decomposing means where they are heated at a
higher temperature than the heating temperature in the
extruder to form the decomposed products. Thereafter
the decomposed products are heated in a dry-distilling
means at a lower temperature than the heating tempera-
ture in the decomposing means to gasify the products by
dry-distillation. As compared with other methods

where no white inorganic filler is added to the wastes.

treated, this method using the white inorganic fillers is
more advantageous in that the decomposition rate 'is
accelerated, the decomposition efficiency is improved
and the properties of recovered oils are markedly im-
proved. In particular, the decomposed products are
deodorized and recovered oils having more uniform
properties can be obtained.

If the amount of residues deposited in the decomposi-
tion is large, depending upon the kind of wastes and the
kind of additive, it is preferred to add a residue-separat-
ing step to the above described steps as described here-
inbefore.

In the method of this invention, the proportion of
white inorganic filler added to plastic wastes is in gen-
eral about 1 to 200 parts by weight of white inorganic
filler to 100 parts by weight of the plastic wastes. In
particular, the proportion of basic metal salt or metal
hydroxide to halogencontaining plastics is preferably
about 5 to 200 parts by weight of the filler to 100 parts
by weight of the plastic wastes.

For example, the following combmatlons are illustra-
tive:

About 5 to 10 parts by weight of talc (magnesium
silicate) as a white inorganic filler to 100 parts by
weight of low density polyethylene

About 1 to § parts by weight of clay (aluminum sili-
cate) to 100 parts by weight of high density polyethyl-
ene

About 50 parts by weight of diatomaceous earth to
100 parts by welght of ethylene-vinyl acetate copoly-
mer

About 100 to 200 parts by weight of alumina to 100
parts by weight of ethylene-propylene rubber

Suitable proportions of combinations of halogen-con-
taining plastics and whlte inorganic ﬁllers are as fol-
lows:

About 50 to 100 parts by weight of calcium carbonate
or about 100 to 200 parts by weight of calcium hydrox-
ide to 100 parts by weight of polyvinyl chloride

About 5 to 10 parts by weight of calcium carbonate to
100 parts by weight of vinyl chloride-vinyl acetate co-
polymer

The proportion of the white inorganic filler to the
rubber and plastic wastes is varied, depending upon the
kind of the rubber and plastic wastes. Most rubber and
plastic compositions already contain white inorganic
fillers, and it is preferred to previously analyze-these
wastes in an appropriate manner whereby a more accu-
rate proportion of the filler to be added to the wastes
can be determined.

The present .invention w1ll be exp]amed in greater
detail with reference to the following Examples, Com-
parative Examples and Referential Examples. It is to be
noted that this invention is not to be construed in any
way as being limited to only the illustrated Examples.
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hydroxide, magnesium sulfate, zinc sulfate, sodium car- .

10

Unless otherw1se mdxcéted all parts and percents are by
weight.

COMPARATIVE EXAMPLE 1

A low density polyethylene was put in a pressure
container (capacity: 1 liter), and the polyethylene was
heated, melted, decomposed and dry-distilled therein at
the same time while heating at 400° C. with an external
heating means. The liqud components in the decom-
posed products were removed from one end of the
container, and the composition of the products were
examined. As a result, it was found that the products
consisted of 30% of a light fraction having a boiling
point of 150° C. or below, 30% of a middle fraction
having a boiling point of 150° to 250° C. and 40% of a
heavy fraction having a boiling point of 250° C. or
above, hereinafter “a light fraction,” “a middle frac-
tion” and “a heavy fraction”, for brevity.

In the same manner, the polyethylene was hqueﬁed at
a heating temperature of 600° C., and products consist-
ing of 40% of a light fraction, 30% of a middle fraction
and 30% of a heavy fraction were obtained. All of these
fractions had a strong bad ordor.

COMPARATIVE EXAMPLE 2

A low density polyethylene which had been heated
and melted at 200° C. was fed in the same pressre con-
tainer as in Comparative Example 1, and decomposed
and dry-distilled therein at the same time while heating
at 400° C. which an external heating means. The liquid
components in the decomposed products were removed
from one end of the container and the composition of
the products was examined. The products consisted of
30% of a light fraction, 30% of a middle fraction and
40% of a heavy fraction. All of these fractions had a
strong bad odor.

As shown in the above Comparative Examples 1 and
2, the recovered liquid components obtained according
to conventional methods consist of compositions over
broad range of from a light fraction having a fairly low
flash point to waxes having a high pour point, and re-
covered oils having such a broad composition are un-
suitable for practical use having a poor additional value.
For example, a combustion test was carried out with
respect to each of the obtained light fraction, middle
fraction and heavy fraction, and the results were as
follows. When the light fraction having a low flash
point was used with an ordinary burner, some problems
occurred. The middle fraction corresponding to kero-
sone and light oil can be used with an ordinary burner.
The heavy fraction being waxy and having a high pour
point is difficult to use at an ordinary temperature.

EXAMPLE 1

Using an apparatus as shown in FIG. 1 where the
extruder was a single spindle screw-type extruder (di-
ameter: 50 mmd), the length of the decomposing duct
was 1 m and the capacity of the dry-distilling trough
was 1 m3, a low density polyethylene was continuously
extruded, pyrolyzed and liquefied according to the
method of this invention.

The temperatusé in the extruder was set as follows:

Hoﬁi:')er (AW material inlet): 50° C.
First Cylifider: 150° C.
Second Cylinder: 250° C.
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-continued

Third Cylinder: 350° C.

The polyethylene was fed in an amount of 100 g/min.
The temperature in the decomposing duct and the tem-
perature in the dry-distilling trough were set as shown
in the following Table 1. Under these conditions, the
polyethylene was pyrolyzed and liquefied according to
the method of this invention. The composition of the
liquid component obtained is shown in Table 1 also.

5

10

12
ture in the the decomposing duct, and the results were
similar to those of Comparative Example 4.
In Examples 1—1, 1-2, 1-3 and 1-4, decomposed oils
mainly consisting of a middle fraction were obtained.

EXAMPLE 2

Using the same apparatus as described in Example 1,
various kinds of resins were continuously extruded,
pyrolyzed and liquefied according to the method of this
invention. The results obtained are shown in the follow-
ing Table 2.

Table 1
Liquid
Temperature Temperature Component Composition
in Decomposing in Dry-distilling  Light Middle Heavy
Duct Trough Fraction Fraction Fraction
Run No. C) C) (%) (%) (%)
Comparative 300-350 300-350 10 20 70
Example 3
Comparative 400-450 400-450 30 40 30
Example 4
Comparative 300-350 400-450 20 30 40
Example 5
Comparative 300-350 450-500 35 35 30
Example 6
Example 1-1 400-450 300-350 10 70 20
Example 1-2 550-600 300-350 10 80 i
Example 1-3 550~600 250-300 10 BS 5
Example 1-4 800-900 250-300 15 30 5
Table 2
Composition
Temperature Temperature in of Liguid Component
Temperature in Decompo-  Dry-distilling Light Middle Heavy
Run in Extruder (°C.) sing Duct Trough Fraction Fraction _Fraction
No. Resin Type H c1 C2 C3 °C) C.) (%) (%) (%)
2-1 High Density 50 150 250 350 550~-600 300-350 10 85 5
Polyethylene
2-2 Polypropylene 50 150 250 350 550600 300-350 10 80 10
2-3 Crosslinked 50 200 300 350 750-800 350-400 15 80 5
Polyethylene
2-4 Polystyrene 50 150 200 250 550-600 300-350 20 70 10
¢ 2-5 Polyvinyl . 120 150 200 550-600 200-250 30 60 10
Chloride
2-6 Polymethyl- 100 200 300 350 500-550 300-350 20 60 20
acrylate
2-7 Nylon-6 100 200 300 350 550-600 300-350 20 60 20
2-8 Ethylene- 50 200 300 350 550-600 300-350 20 70 10
Propylene
Rubber
2-9 Styrene- 50 200 300 350 500-550 300-350 20 60 20
Butadiene
Rubber
Remarks:

*: Ordinary temperature

Feeding rate of raw materials: 100 g/min
Rotating rate of extruder: 40 rpm

H: Temperature in hopper

C-1: Temperature in first cylinder

C-2: Temperature in second cylinder
C-3: Temperature in third cylinder

In Comparative Example 3 above, temperatures in
the extruder, decomposing duct and dry-distilling
trough all were substantially the same, and the liquid
component obtained mainly consisted of a waxy frac-
tion. It is noticed that the decomposition was not com-
plete.

In Comparative Example 4, the temperatures in the
decomposing duct and dry-distilling trough were the
same, and the liquid component obtained broadly con-
sisted of a light fraction, a middle fraction and a heavy
fraction.

In Comparative Examples 5 and 6, the temperature of
the dry-distilling trough was higher than the tempera-

60

65

The resins used (shown in Table 2 above) were resin
compositions.

From the results in Table 2, it can be understood that
liquid components mainly consisting of a middle frac-
tion are obtained from every resin according to the
method of this invention. Each resin used in these exam-
ples is one taken from their respective wastes, and for
some resins residues separated in the decomposition.



4,208,252

13

EXAMPLE 3

Using the same apparatus as described in Example 1,
a plastic mixture of 60% of polyethylene, 25% of poly-
vinyl chloride, 12% of polystyrene and 3% of polypro-
pylene, each resin being a resin composition, was con-
tinuously extruded, pyrolyzed and liquefied under the
same conditions as in Example 2-3, and liquid compo-
nents of 60% of a middle fraction, 30% of light fraction
and 10% of a heavy fraction were obtained.

EXAMPLE 4

Using an apparatus as shown in FIG. 1 where the
extruder was a double spindle screw-type extruder (di-
ameter: 115 mmd), the length of the decomposing duct
was 1.5 m and the capacity of the dry-distilling trough
was 1 m3, a crosslinked polyethylene was pyrolyzed
and liquefied according to the method of this invention.
The crosslinked polyethylene used as a raw material
was one removed from a 22 KV crosslinked polyethyl-
ene cable and pulverized to a size of about 5-10 mm.
The raw material was fed to the extruder at a rate of 200
g/min. The rotating rate of the extruder was set so as to
correspond to the feeding speed.

10
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The temperature in the decomposing duct was
650°-700° C. and the temperature in the dry-distilling
trough was 300°-350° C. The liquid components ob-
tained consisted of 10% of a light fraction, 85% of a
middle fraction and 5% of a heavy fraction.

As is apparent from the results in the above Exam-
ples, when rubber and plastic wastes are continuously
extruded, pyrolyzed and liquefied according to the
method of this invention, recovered oils having uniform
property (or mainly consisting of a middle fraction) can
be obtained.

The apparatus of this invention is small in size and
extremely compact, as compared with conventional
pyrolyzing and liquefying apparatus, which is one ad-
vantage of this invention.

EXAMPLE 6

Using an apparatus as shown in FIG. 1 where the
extruder is a single spindle screw-type extruder (diame-
ter: 50 mmd), the length of the decomposing duct was
1 m and the capacity of the dry-distilling trough was 1
m3, a low density polyethylene was continuously ex-
truded, pyrolyzed and liquefied according to the
method of this invention.

The temperature in the extruder was set as follows: 25  The temperature in the extruder was set as follows:
Hopper: 50° C. Hopper (raw material inlet): 50° C.
First Cylinder: 200° C. First Cylinder: 150° C.
Second Cylinder: 300° C. Second Cylinder: 250° C.
Third Cylinder: 350° C. 30 Third Cylinder: 350° C.

The temperature in the decomposing duct was
700°-750° C. and the temperature in the dry-distilling
trough was 350°-400° C. After the treatment, the cross-
linked polyethylene was observed to be fully pyrolyzed
and liquefied. Liquid components obtained consisted of
10% of a light fraction, 80% of a middle fraction and
10% of a heavy fraction.

EXAMPLE 5

Using an apparatus as shown in FIG. 1 where the
extruder was a single spindle two-stage screw-type
extruder (first-stage screw: 115 mm¢, second-stage
screw: 90 mmd), having a length of the decomposing
duct of 2 m and a capacity of the dry-distilling trough of
1 m3, a crosslinked polyethylene was pyrolyzed and
liquefied according to the method of this invention. The
crosslinked polyethylene used as the raw material was
the same as for the sample as in Example 3. The temper-
ature in the extruder was set as follows:

35
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The feeding rate of the polyethylene raw material was
100 g/min. The kind and the feeding rate of active gas
are shown in the following Table 3. The temperature in
the decomposing duct and that in the dry-distilling
trough are also shown in Table 3. Under these condi-
tions, the polyethylene was pyrolyzed and liquefied
according to the method of this invention. The liquid
components obtained were examined and the composi-
tion thereof is also shown in Table 3.

Run No. 1 mainly consisted of a waxy heavy fraction,
with a somewhat bad odor. This is because the decom-
position of the raw material was not completed.

Run No. 2 which was treated under the same heating
conditions as for Run No. 1 with the exception that
oxygen gas was introduced - during decomposition,
mainly consisted of a middle fraction, being free from a
bad odor. Comparing Run No. 3 with Run No. 4, Run
No. 5 with Run No. 6, and Run No. 7 with Run No. 8,
it is observed that when the active gas was introduced
during the decomposition, liquid components without a
bad odor and having a more uniform property could be

First-stage Screw Hopper: 50° C. obtained, whereas when an active gas was not intro-
First-stage Screw Cylinder: 200° C. .. .
First Cylinder of Second-stage Screw: 300° C. 55 duced, the liquid components obtained had a somewhat
Second Cylinder of Second-stage Screw: 350° C. bad odor.
Table 3
Temperature Temperature Composition of Liquid
in Active in Component
Decomposing Gas Dry-distilling Light Middle Heavy
Duct and Trough Fraction Fraction Fraction Presence
Run No. (°C) Feeding Rate °C) (%) (%) (%) of Bad Odor
1 300-350 None 300-350 10 20 70 Somewhat observed
2 300-350 Oxygen gas, 300-350 10 60 30 Not observed
10 liter/min
at 1 atm
3 400-450 None 400-450 30 40 30 Somewhat observed
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Table 3-continued
Temperature Temperature Composition of Liquid
in Active in Component
Decomposing Gas Dry-distilling Light Middle Heavy
Duct and Trough Fraction [Fraction Fraction Presence
Run No. ¢C.) Feeding Rate {°C) (%) (%) {%) of Bad Odor
4 400-450 Ozone gas 400-450 10 8O 10 Not observed
5 liter/min
at t atm

5 550-600 None 300-350 10 50 30 Somewhat observed

6 550-600 Air 250-300 10 BS 5 Not observed

15 liter/min at
1 atm

7 800-900 None 300-350 10 30 10 Somewhat observed

8 800-900 Hydrogen gas 250-300 15 30 5 Not observed

10 liter/min
at 1 atm
ously extruded, pyrolyzed and liquefied under the same

EXAMPLE 7 Y » PYTOY d

Using the same apparatus as described in Example 6,
various kinds of resins were continuously extruded,
pyrolyzed and liquefied according to the method of this
invention. The results obtained are shown in the follow-
ing Table 4. The feeding rate of the respective raw
material was 100 g/min. In this Table 4, H is the temper-
ature in the hopper of the extruder, C-1 is the tempera-
ture in the first cylinder of the extruder, C-2 is the tem-
perature in the second cylinder of the extruder, and C-3
is the temperature in the third cylinder of the extruder.

It is observed from the results in Table 4 that liquid
components mainly consisting of a large amount of a
middle fraction and being free from bad odor could be
obtained from every resin. The resin used in Table 4
was a resin composition which was taken from the re-
spective wastes. Separated residues were obtained from
some of the resins during decomposition.

20

25

30

35

conditions as in Example 7-3. The liquid component
obtained consisted of 60% of a middle fraction, 30% of
a light fraction and 10% of a heavy fraction, and this
component was quite free from any bad odor.

EXAMPLE 9

Using an apparatus shown in FIG. 2 where the ex-
truder was a double spindle screw-type extruder (diam-
eter: 115 mmd), the length of the decomposing duct
was 1.5 m and a capacity of the dry-distilling trough
was 1 m3, a crosslinked polyethylene was pyrolyzed
and liquefied according to the method of this invention.
The crosslinked polyethylene used as a raw material
was one removed from a 22 KV crosslinked polyethyl-
ene cable and pulverized to a size of about 5-10 mm.
The raw material was fed into the extruder at a rate of
200 g/min. The rotating rate of the extruder was set so
as to correspond to the feeding rate. The temperature in

Table 4
Tempera-
Tempera- ture in Composition
ture in Active Dry-dis- of Liquid Presence
Temperature Decomposing Gas and tilling Component (%) of
Run in Extruder (°C.) Duct Feeding Trough Light Middle Heavy bad
No. Resin Type H C1 C2 CC3 °CH Rate °C.) Fraction Fraction Fraction odor
1 High Density 50 150 250 350 550-600 Oxygen 300-350 10 90 0 None
Polyethylene 10 1/min
2 Polypropylene 50 150 250 350 550-600 Oxygen 300-350 10 85 5 None
10 1/min
3 Crosslinked 50 200 300 350 T50-800 Oxygen 350-400 5 90 5 None
Polyethylene 10 1/min
4  Polystyrene S0 150 200 250 550-600 Dzone 300-350 10 80 10 None
7 1/min
5  Polyvinyl ¢ 120 150 200 550-600 Air 200-250 20 70 10 None
Chloride 15 I/min
6  Polymethyl 100 200 300 350 550-600 Dxygen 300-350 10 RS 5 None
Acrylate 10 I/min
7 Nylon-6 100 200 300 350 550-600 Dxygen 300-~350 15 75 10 None
10 I/min
8  Ethylene 50 200 300 350 550-600 Oxygen 300-350 10 80 10 None
Propylene 10 1/min
Rubber
9  Styrene 50 200 300 350 550-600 Dxygen 300-350 10 30 10 None
Butadiene 10 1/min
Rubber
Remarks:
*: Ordinary temperature
EXAMPLE 8 the extruder was set as follows:
Using the same apparatus as described in Example 6, 65
a plastic mixture consisting of resin compositions of Hopper: S0° C
60% of polyethylene, 25% of polyvinyl chloride, 12% First Cylinder: 200° C.
of polystyrene and 3% of polypropylene was continu- Second Cylinder: 300° C.
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-continued
Third Cylinder:

350° C.

The -temperature in the decomposing duct was
700°-750° C. and the temperature in the dry-distilling
trough was 350°-400° C. Oxygen was introduced
through the active gas inlet. After treatment, the cross-
linked -polyethylene was observed to be fully pyrolyzed
and liquefied. The liquid components obtained con-
sisted of 10% of a light fraction, 85% of a middle frac-
tion and 10% of a heavy fraction. Each fraction was
free from any bad odor.

EXAMPLE 10

Using an apparatus as shown in FIG. 2 where the
extruder was a single spindle two-stage screw-type
extruder (first-stage screw: 115 mm¢, second-stage
screw: 90 mmd), the length of the decomposing duct
was 2 m and the capacity of the drydistilling trough was
1 m3, a crosslinked polyethylene was pyrolyzed and
liquefied according to the method of this invention. The
crosslinked polyethylene used was the same kind of
sample as described in Example 9. The temperature in
the extruder was set as follows:

First-stage Screw Hopper: 50° C.

First-stage Screw Cylinder: 200° C.
First Cylinder of Second-stage Screw: 300° C.
Second Cylinder of Second-stage Screw: 350° C.

The temperature in the decomposing duct was
650°-700° C. and the temperature in the dry-distilling
trough was 300°-350° C. Under these conditions, the
polyethylene raw material was pyrolyzed and liquefied
according to the method of this invention. The feeding
rate of the raw material was 250 g/min. Oxygen gas was
fed through the active gas inlet at a feeding rate of 15
liter/min. The liquid components obtained consisted of
5% of a light fraction, 90% of a middle fraction and 5%
of a heavy fraction. All fractions were free from any
bad odor.

COMPARATIVE EXAMPLE 3

Using an apparatus as shown in FIG. 1 where the
extruder was a single spindle screw-type extruder (di-
ameter: 50 mmd), the length of the decomposing duct
was 1'm and the capacity of the dry-distilling trough
was 1 m’, a plastic mixture of resin compositions of 30%
of polyethylene, 25% of polyvinyl chloride, 25% of
polystyrene and 20% of polypropylene was continu-
ously extruded, pyrolyzed and liquefied.

The temperature in the extruder was set as follows:

Hopper (raw material inlet): 50° C.

First Cylinder: 150° C.
Second Cylinder: 250° C.
Third Cylinder: 350° C.

The feeding rate of the plastic mixture was 100 g/min.
The temperature in the decomposing duct was
550°-600° C. and the temperature in the dry-distilling
trough was 400°-450° C. After treatment, liquid compo-
nents consisting of 30% of a light fraction, 50% of a
middle fraction and 20% of a heavy fraction were ob-
tained.
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EXAMPLE 11

Using an apparatus as shown in FIGS. 1 and 4 where
the first extruder was a double spindle screw-type ex-
truder (diameter: 115 mmd), the length of the decom-
posing duct connected therewith was 1.5 m, the second
extruder was a single spindle screw-type extruder (di-
ameter: 115 mmd), the length of the decomposing duct
connected therewith was 1.5 m, and the capacity of the
dry-distilling trough was 2 m3, a crosslinked polyethyl-
ene was fed into the first extruder and a low density
polyethylene was fed into the second extruder, and
these raw materials were continuously pyrolyzed and
liquefied. The crosslinked polyethylene and low density
polyethylene used as raw materials were materials re-
moved from 22 KV insulated cables and pulverized to a
size of about 5-10 mm. The feeding rate of each of these
raw materials into the respective extruders was 100
g/min, and the rotating rate of the respective extruders
was set so as to correspond to the respective feeding
rates of the raw materials. The temperatures in the ex-
truders, decomposing ducts and dry-distilling trough
were as follows:

First Extruder: H: 50°C.
C-1: 200° C.
C-2: 300° C.
C-3: 350° C.
First Decomposing Duct: 750°-800° C.
Second Extruder: H: 50°C.
C-1: 150° C.
C-2: 250° C.
. C-3: 350° C.
Second Decomposing Duct: 550°-600° C.
Dry-distifling Trough: 350°-400° C.

The liquid components obtained consisted of 15% of
a light fraction, 80% of a middle fraction and 5% of a
heavy fraction.

COMPARATIVE EXAMPLE 4

The low density polyethylene and the crosslinked
polyethylene as described in: the Example 11 were
blended in a weight proportion of 1:1, and the mixture
was fed into the first extruder as described in Example
11 and continuously pyrolyzed and liquefied. The liquid
components obtained consisted of 40% of a light frac-
tion 50% of a middle fraction and 10% of a heavy frac-
tion. In the same manner, the mixture was fed into the
second extruder and continuously pyrolyzed and de-
composed. The liquid components obtained consisted of
20% of a light fraction, 50% of a middle fraction and
30% of a heavy fraction.

EXAMPLE 12

Using an apparatus as shown in FIGS. 1 and 5, where
the first extruder was a single spindle two-stage screw-
type extruder (first-stage screw: 115 mmd, second-stage
screw: 90 mmde), the length of the decomposing duct
connected therewith was 2 m, the second extruder was
a single spindle screw-type extruder (90 mmd), the
length of the decomposing duct connected therewith
was 2 m, the third extruder was a double spindle screw-
type extruder (115 mmé), the length of the decompos-
ing duct connected therewith was 2 m, and the capacity
of the dry-distilling trough was 3 m3, a polyvinyl chlo-
ride resin composition was fed into the first extruder, a
polystyrene resin composition into the second extruder
and a high density polyethylene into the third extruder,




4,208,252

19
and these raw materials were continuously pyrolyzed
and liquefied according to the method of this invention.
Each of these raw materials was a material removed

from their respective wastes. The feeding rate of each

raw material was 100 g/min, and the rotating rate of
each extruder was set so as to correspond to the feeding
rate. The temperatures in the respective extruders, de-
composing ducts and dry-distilling trough were as fol-
lows: :

First Extruder: First-stage Screw: H: 50°C.

C-1: 50°C.

C-2: 200° C.

Second-stage Screw: C-1: 250° C.

C-2: 250° C.
First Decomposing 450°-500° C.
Duct:
Second Extruder: H: 50°C.

C-1: 150° C.

C-2: 200° C.

C-3: 250° C.
Second Decomposing 550°-600° C.
Duct:
Third Extruder H: 350°C.

C-1: 150° C.

C-2: 250° C.

C-3: 350° C.
Third Decomposing 600°-650° C.
Duct:
Dry-distilling 350°-650° C.
Trough:

The liquid components obtained consisted of 20% of a
light fraction, 75% of a middle fraction and 5% of a
heavy fraction.

‘COMPARATIVE EXAMPLE 5

A polyvinyl chloride resin, a polystyrene and a high
density polyethylene as described in Example 12 were
blended in a weight proportion of 1:1:1, and the mixture
was fed into the first extruder of an apparatus as de-
scribed in Example 12 and continuously pyrolyzed and
liquefied. The liquid components obtained consisted of
30% of a light fraction, 30% of a‘middle fraction and
40% of a heavy fraction.

In the same manner, the mixture was fed into the
second extruder of an apparatus as described in Exam-
ple 12 and continuously pyrolyzed and liquefied. The
liquid components obtained consisted of 30% of a light
fraction, 40% of a middle fraction and 30% of a heavy
fraction.

Also in the same manner, the mixture was fed into the
third extruder of an apparatus as described in Example
12 and continuously pyrolyzed and liquefied. The liquid
components obtained consisted of 30% of a light frac-
tion, 50% of a middle fraction and 20% of a heavy
fraction.

EXAMPLE 13

Using an apparatus as shown in FIGS. 1 and 6 where
the first extruder was a single spindle two-stage screw
type extruder (first-stage screw: 115 mmd, second-stage
screw: 90 mmd¢), the length of the decomposing duct
connected therewith was 2 m, the second extruder was
a single spindle screw-type extruder (90 mmd), the
length of the decomposing duct connected therewith
was 2 m, the third extruder was a double spindle screw-
type extruder (115 mmd), the length of the decompos-
ing duct connected therewith was 2 m, the fourth ex-
truder was a single spindle screw-type extruder (115
mmd), the length of the decomposing duct connected
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therewith was 2 m, and the capacity of the dry-distilling
trough-was 3 m3, a polyvinyl chloride resin was fed into
the first extruder, an ethylene-propylene rubber compo-
sition into the second extruder, a crosslinked polyethyl-
ene composition into the third extruder and a polypro-
pylene resin into the fourth extruder and these resins
were continuously pyrolyzed and liquefied according to
the method of this invention. The respective raw mate-
rials used were each taken from their respective wastes.
The feeding rate of the respective resin was 100 g/min,
and the rotation rate of the respective extruder was set
so as to correspond to the respective feeding rate.

The temperatures in the respective extruders, decom-
posing ducts and dry-distilling trough were as follows:

First Extruder: First-stage Screw: H: 50°C.

C-1: 150° C.

C-2: 200° C.

Second-stage Screw:: C-1: 250° C.

C-3: 250° C.
First Decomposing 450°-500° C.
Duct:
Second Extruder: H: 50°C.

C-1: 200° C.

C-2: 300° C.

C-3: 350° C.
Second Decomposing 550°~-600° C.
Duct:
Third Extruder: H: 50°C.

C-1: 200° C.

C-2: 300° C.

C-3: 350° C.
Third Decomposing 700°-750° C.
Duct:
Fourth Extruder: H: 50°C.

C-1: 150° C.

C-2: 250° C.

C-3: 350° C.
Fourth Decomposing 550°-600° C.
Duct:
Dry-distilling 350°-400° C.
Trough:

The liquid components obtained consisted of 15% of
a light fraction, 80% of a middle fraction and 5% of a
heavy fraction.

EXAMPLE 14

Using an apparatus as shown in FIG. 1, where the
extruder was a single spindle screw-type extruder (50
mmd), the length of the decomposing duct was 1 m and
the capacity of the dry-distilling trough was 1 m3, a low
density polyethylene to which was added an organic
peroxide was continuously extruded, pyrolyzed and
liquefied according to the method of this invention.

The temperature in the extruder was set as follows:

Hopper (raw material inlet): 50° C.

First Cylinder: 150° C.
Second Cylinder: 250° C.
Third Cylinder: 350° C.

The feeding rate of the polyethylene raw material
was. 100 g/min: The kind and the amount of organic
peroxide used are shown in the following Table 5. The
temperature -in the decomposing duct and that in the
dry-distilling. trough are also shown in Table 5 The
composition of liquid components obtained is given in
Table 5.
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Table 5
Composition of
Temperature Organic Temperature in Liquid Component (%)
in Decompo- Peroxide Dry-distilling Light Middle  Heavy
Run  sing Duct and Trough Fraction Fraction Fraction Presence of
No. ¢Cy Amount Used C) (%) (%) (%) Bad Odor
1 400-450 None 300-350 10 50 40 Somewhat observed
2 400-450 Di-a-cumyl- 300-350 10 70 20 Not observed
peroxide
5 g/min
3 350-600 None 300-350 10 60 30 Somewhat observed
4 $50-600 t-Butylhydro- 300-350 10 80 10 Not observed
peroxide
1 g/min
3 800-500 None 300-350 10 80 10 Somewhat observed
6 800-900 t-Butylper- 300-350 10 85 5 Not observed
oxybenzoate
0.5 g/min

In Table 5, Run Nos. 2, 4, and 6 contain an organic
peroxide, and Run Nos. 1, 3 and 5 do not contain any
organic peroxide.

Run No. 1 product mainly consisted of a waxy heavy
fraction, having a somewhat bad odor. This is because
the decomposition of the raw material was not com-
plete. Run No. 2 product which was treated under the
same heating conditions as in Run No. 1 with the excep-
tion that di-a-cumylperoxide was introduced as an or-
ganic peroxide during the decomposition, mainly con-
sisted of a middle fraction, which was free from any bad
odor. Comparing Run No. 3 with Run No. 4, and Run
No. 5 with Run No. 6, it is observed that when the
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Hopper (raw material inlet): 50° C.

First Cylinder: 150° C.
Second Cylinder: 250° C.
Third Cylinder: 350° C.

The feeding rate of the polyethylene was 100 g/min,
and the kind and the amount of white inorganic filler
used are shown in the following Table 6. The tempera-
ture in the decomposing duct and the temperature in the
dry-distilling trough are also given in Table 6. The
liquid products obtained were examined and the com-
position thereof is given in Table 6.

Table 6
Temperature Temperature Composition of
in White In- in Liquid Component
Decomposing organic Filler Dry-distilling Light Middle Heavy
Duct and Trough Fraction Fraction Fraction Presence
Run No. cC) Amount Used cC) (%) (%) (%) of Bad Odor
1 400-450 Noune 300-350 10 50 40 Somewhat observed
2 400-450 Talc(magnesium 300-350 10 60 30 Not observed
silicate)
10g/min
3 550-600 None 350-400 15 65 20 Somewhat observed
4 550-600 Clay(aluminum 350-400 10 75 15 Not observed
silicate)
20g/min
3 550-600 Alumina 350-400 10 80 10 Not observed
10g/min
6 800-900 None 350-400 15 75 10 Somewhat observed
7 800-900 Dolomite 350-400 10 80 10 Not observed
50g/min
8 800-900 Diatomaceous 350-400 10 80 10 Not observed
earth
20g/min

organic peroxide was introduced during the decomposi-
tion, liquid components without a bad odor and having
more uniform properties could be obtained, whereas
when an organic peroxide was not introduced, the lig-
uid components obtained have a somewhat bad odor.

EXAMPLE 15

Using an apparatus as shown in FIG. 1 where the
extruder was a single spindle screw-type extruder (50
mmd), the length of the decomposing duct was 1 m and
the capacity of the dry-distilling trough was 1 m3, a low
density polyethylene containing a white inorganic filler
was continuously extruded, pyrolyzed and liquefied
according to the method of this invention.

The temperature in the extruder was set as follows:
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In Table 6, Run Nos. 2, 4, 5, 7 and 8 contained a white
inorganic filler, and Run Nos. 1, 3 and 6 did not contain
a white inorganic filler.

Run No. 1 product mainly consisted of a waxy heavy
fraction, having a somewhat bad odor. This was be-
cause the decomposition of the raw material was not
complete. Run No. 2 product which was treated under
the same heating conditions as in Run No. 1 with the
exception that talc was incorporated in the raw material
as a white inorganic filler, mainly consisted of a middle
fraction, which was free from any bad odor.

Comparing Run No. 3 with Run Nos. 4 and 5, and
Run No. 6 with Run Nos. 7 and 8, it is observed that
when the white inorganic filler was incorporated in the
raw material, liquid components without a bad odor and
having more uniform properties could be obtained,
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whereas when a white inorganic filler was not incorpo-
rated the liquid components obtained had a somewhat
bad odor.

EXAMPLE 16

Using the same apparatus as described in Example 15,
wastes of vinyl chloride film for agricultural use, to
which calcium carbonate was added as a white inor-
ganic filler, were continuously extruded, pyrolyzed and
liquefied according to the method of this invention.

The temperature in the extruder was set as follows:

Hopper (raw material inlet): 50° C.

First Cylinder: 150° C.
Second Cylinder: 200° C.
Third Cylinder: 250° C.

The feeding rate of the vinyl chloride wastes was 100

g/min, and that of the calcium carbonate was 100

g/min, The temperature in the decomposing duct was
500°-550° C. and the temperature in the dry-distilling
trough was 300°-350° C. No hydrogen chloride gas was
removed from the gas removal outlet.

For comparison, the same treatment was carried out

with the exception that no calcium carbonate was em-
ployed. In the latter case, a large amount of pungent
hydrogen chloride gas was exhausted from the gas re-
moval outlet.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What is claimed is:

1. An apparatus for treatment of rubber and plastic
wastes, comprising:

(1) an extruder for controlled heating and melting of

rubber and plastic wastes, sald extruder kneading
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the molten wastes and extruding them, means to
heat said extruder and control means to regulate
said means to heat said extruder;

(2) a decomposing means coupled to said extruder
and receiving the melted rubber and plastic wastes
from the extruder, said decomposing means having
means for heating in a controlled manner the
melted wastes therein to form decomposed prod-
ncts;

(3) a dry-distilling means coupled to said decompos-
ing means, said dry-distilling means having con-
trolled heating means for gasifying said decom-
posed products of the decomposing means by dry-
distillation; and

{4) a cooling means coupled to said dry-distilling
means for receiving the dry-distilled products to
separate liquid materials from gaseous materials
wherein the temperature of said cooling means is
individually controllable.

2. The apparatus as claimed in claim 1, wherein:

said decomposing means includes a residue removal
means as a branch at an outlet thereof, for remov-
ing the residues from the decomposing means after
the decomposed products contained in the residues
have been separdted therefrom, in which the tem-
perature of said residue removal means is individu-
ally controllable.

3. The apparatus as claimed in claim 1 including:

{1) a plurality of extruders for heating and melting
rubber and plastic wastes,

(2) a plurality of decomposing means for receiving
the melted rubber and plastic wastes and for heat-
ing the wastes to form decomposed products.

4. The apparatus as claimed in claim 1 wherein the

decomposing means includes active gas feeding inlet

means.
LI I N
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